showed better forage quality of V. sativa compared to V. villosa. With the highest nutritive value was distinguished cultivars Liya, Vilena and Moldovskaya, which could be used as germplasm in future breeding programmes for quality improvement.
Introduction
Annual forage legumes represent one of the highest quality solutions to the constant demand for plant protein in animal husbandry.
Among the most important annual forage legume species are common vetch (Vicia sativa L.) and hairy vetch (Vicia villosa Roth.) [VASILJEVIĆ et al., 2009] .
These species are traditionally cultivated in the regions of South East Europe [KARAGIĆ et al., 2011a] and may be used as green forage, forage dry matter, forage meal, silage, haylage and green manure [ACIKGOZ, 1988; Abd El MONEIM, 1993; KARAGIĆ et al., 2011b; SEVEN and CERCI, 2006; MIKIĆ et al., 2006] .
They can be used also for pasture showing high palatability at all growth stages [ACIKGOZ, 1988] .
For most legumes, forage biomass and forage quality are often negatively correlated.
This offsetting effect is reached near the bloom stage, which is recommended as optimum for maximizing the export of nutrients [SANDERSON et al., 1989; BUXTON and BRASCHE, 1991] .
In Vicia spp. and other annual legumes, the seed fraction accounts for a greater proportion of the harvested biomass, and thus moving the harvest stage to the pod filling period may be desirable [HINTZ and ALBRETCH, 1994; CABALLERO et al., 1996] . According to Karagić and collab. vetch for forage production have to be cut from beginning of flowering to early pod formation [KARAGIĆ et al., 2011b] .
In comparison to the other annual legumes, vetches have a higher crude protein content of forage dry matter, which is often higher than 200 g kg -1 [VASILJEVIĆ et al., 2009] .
Lingorski found higher crude content in common vetch compared to field pea, white lupine, chickling vetch, bitter vetch, horse bean and soybean [LINGORSKI, 2011] .
Vetches are richer in lysin content of forage dry matter in comparison to the other annual legumes, especially pea, reaching 13 g kg -1 in common vetch and 14 g kg -1 in hairy vetch [PROKOF'EVA, 1985] .
In regard of fibre fraction content, Gasmi-Boubaker and collab. [GASMI-BOUBAKER et al., 2012] reported lower fibre fraction concentrations (neutral detergent fiber and acid detergent fiber) and higher organic matter digestibility of whole plant (stem and leaves) at 50 % flowering stage in V. sativa compared to Medicago truncatula L., Pisum sativum L. and Hedysarum coronarium L.). The comparison of two vetch species showed that hairy vetch had slightly better quality (in terms of crude protein) than common vetch [MIHAILOVIĆ et al., 2006; MIHAILOVIĆ et al., 2007, RASHED and BUTNARIU, 2014] .
Opposite results were obtained by Ayed amd collab. [AYED et al., 2001] who found the nutritive value at flowering stage in regard of main chemical component (crude protein) was higher for common vetch hay than for hairy vetch hay, which was in agreement with the higher leaf to stem ratio at flowering.
In the context of forage quality, especially important from the point of view of ruminant nutrition is the content of structural carbohydrates.
Structural carbohydrates include neutral detergent fiber (NDF) and acid detergent fiber (ADF) [VASILJEVIĆ et al., 2009] . Minta and Tsige [MINTA and TSIGE, 2014] stated significant differences in NDF and ADF content between vetch species as lower values were reported for V. sativa than for V. villosa.
On the contrary, Ayed and collab. [AYED et al., 2001] found greater content of NDF in V. sativa.
Another major parameter of forage legume quality is the in vitro digestibility of dry matter. Data on digestibility of vetch hays are scarce [VASILJEVIĆ et al., 2009] .
According to Abd El Moneim [Abd El MONEIM 1993] and Ayed and collab. [AYED et al., 2001 ] the herbage quality in terms of this parameter was far lower in V. villosa than in V. sativa.
Improvement of quality of the forage legumes, including vetch species, requires that there is sufficient genetic variability when it comes to the main quality parameters (protein, fiber) in order to enable the development of new, higher-quality varieties [VASILJEVIĆ et al., 2009] .
The purpose of present study was to evaluate the composition, plant cellwall fiber components content, in vitro enzyme digestibility and estimation of potential protein and energy feeding value of forage of vetch cultivars (Vicia sativa L., Vicia villosa Roth). The origin of Obrazets 666 is Bulgaria and of the rest six cultivarsMoldova. The experiment was designed by the long-plot method with sowing rate of 140 and 70 kg ha -2 , respectively for common and hairy vetch.
Material and methods

Vicia
The plants were cultivated in conditions of organic farming without use of any fertilizers and pesticides. The harvesting stage was full flowering.
The general composition of vetch herbage was determined as crude protein (CP) by Kjeldal method and crude fiber (CF) by Weende system [AOAC, 2010] .
The plant cell walls components content in energy feeding value were determined as Neutral detergent fiber (NDF), Acid detergent fiber (ADF) and Acid detergent lignin (ADL) in percent of dry matter by systematic detergent analysis of Goering and Van Soest [GOERING and Van SOEST 1970] .
Polyoses hemicellulose and cellulose as cell walls components, contained in fiber fraction were presented emperically:
Hemicellulose=NDF-ADF; Cellulose=ADF-ADL.
The degree of lignification was presented as relation of ADL and NDF/100. Enzymatic in vitro digestibility of dry matter (IVDMD, %) and organic matter (IVDMD, %) was performed by two stage pepsin-cellulase method of Aufrere [TODOROV et al., 2010] .
The energy feeding value was determined according French system (UFL-UFV) [INRA, 1988] , Bulgarian (FUM-FUG, Feed units for milk, Feed units for growth) and Dutch (VEM-VEVI) systems. In addition, the followed parameters were estimated: Gross energy (GE) and Metabolizable energy (ME) on the basis of equations according to experimental values of CP, CF and IVDMD [AOAC, 2010] .
The coefficient of digestibility of organic matter dMO in vivo [ANDRIEU and DEMARQUILLY, 1989] was received by relashionship on the basis of in vitro organic matter digestibility, determined experimentally by method of Aufrere [TODOROV et al., 2010 , BUTNARIU et al., 2006 .
The protein feeding value was estimated by French system [INRA, 1988] through following parameters: TDP/PBDTotal Digestible Protein/Protein Brute Digestible and a really digestible protein in ruminant small intestine-PDIN (Protein digestible in intestine depending on nitrogen) PDIN=PDIA+PDIMN and PDIE (Protein digestible in intestine depending on energy) PDIE=PDIA+PDIMN in g kg -1 dry matter.
In comparative analysis between varieties and species were evaluated individual and mean values for each vetch cultivar and the degree of variation of the parameters for forage feeding value, according to their significance for the forage quality.
Results and discussion
Herbage quality attributes are important in evaluation of forage legumes [LARBI et al., 2010] . Higher crude protein content of feed legumes has great nutritional, economic and ecological advantages as these forage legumes are an efficient N source and provide quality feed with a high digestibility [LONGO et al., 2012; HAVILAH, 2011] . The chemical composition results presented in Table 1 revealed that the variation of crude protein content in V. villosa was very limited, while in V. sativa was considerable. Generally, V. villosa cultivars were distinguished by higher protein content (averagely 211.4 g kg -1 DM) in comparison with V. sativa cultivars (averagely 189.5 g kg -1 DM). Legend: CP-Crude protein, CF-Crude fiber, NDF-Neutral-detergent fiber, ADF-Acid-detergent fiber, ADL-Acid-detergent lignin, HC-Hemicellulose, C-Cellulose, Lignif-Degree of lignification (coefficient, ADL/NDFx100), IVDMD-In vitro dry matter digestibility, IVOMD-In vitro organic matter digestibility
These data agreed with the results of Kostov and Pavlov [KOSTOV and PAVLOV, 1999] , Mihailović and collab. [MIHAILOVIĆ et al., 2006 [MIHAILOVIĆ et al., , 2007 , Minta and Tsige [MINTA and TSIGE, 2014] . The highest protein content among V. sativa cultivars had Vilena, which was by 7.5 g kg -1 DM greater than the average content of studied common vetches.
Cultivar Violeta showed higher protein content than Viola but the difference between the two Vicia villosa cultivars was non-essential.
The cell-wall fraction of plants has been implicated as a control mechanism for forage intake by ruminants [WALDO, 1986] .
A reduction in the concentration of cell-wall material may improve the intake of forages, and increased digestibility of the cell wall would improve energy availability [JUNG and ALLEN, 1995] .
According to Bonsi and collab. [BONSI et al., 1994] Vicia species have lower fiber content than other annual legumes. In the conditions of present study, the crude fiber content was 257.3 and 230.5 g kg -1 DM, respectively for V. sativa and V. villosa. In regard of this parameter, the most favorable composition showed cultivar Violeta (228.2 g kg -1 DM) and among V. sativa cultivars-Moldovskaya (254.0 g kg -1 DM).
As it is known NDF is presented of four main chemical components.
Quantitatively the largest, cellulose and hemicellulose are potentially digestible but, due to their complex chemical structures, resist the attack of digesting microorganisms in the rumen of animals. The other main components of NDF are lignin and cutin, which are virtually indigestible in both the rumen and lower intestines.
In addition, both inhibit digestion of the underlying and/or associated cellulose or hemicellulose either by physical or chemical shielding [ROBINSON, 1999] .
The Moldavian cultivars, belonging to V. sativa, demonstrated considerably lower fiber content with respect to NDF, ADF and ADL (averagely 399.8, 341.3 and 61.6 g kg -1 DM) in comparison to the standard Bulgarian cultivar Obrazets 666 (446.7, 396.9 and 93.3 g kg -1 DM).
V. villosa cultivars contained higher fiber components, measured as NDF-by 10.4 % more than V. sativa cultivars.
A similar trend was observed in ADF and ADL content: except cultivar Obrazets 666, all studied common vetches had lower concentrations of ADF and ADL compared to hairy vetches.
The average content of ADF and ADL of V. sativa cultivars was 352.4 and 67.9 at values of 378.5 and 74.0 g kg -1 DM for V. villosa. This was in conformity with findings of Ayed and collab. [AYED et al., 2001 , RASHED and BUTNARIU, 2014] .
The Moldavian cultivar Liya was distinguished with the lowest content of NDF, ADF and ADL among all vetches, which determined high degradability of forage dry matter as well as organic matter. The degree of variation of plant cell walls fiber fractions, that were important to ruminant feeding, was relatively high with values of coefficients of variation as followed: 19.8 % for ADL, 7.7 % for ADF and 7.1 % for NDF. The basic criteria, effectuated new evaluation in forage quality is in vitro digestibility by enzymes, characterized by rapidity, reproducibility and heredity, small sample quantity and direct correlation by in vivo ruminant digestibility [FAHEY and HUSSEIN, 1999, BUTNARIU et al., 2014] .
Quality of the herbage in terms of digestibility was higher at the cultivars belonging to V. sativa (63.9 % IVDMD). This finding corroborate well with that of Abd El Moneim [Abd El MONEIM, 1993 , BARBAT et al., 2014 in twenty five evaluated lines of V. sativa, V. villosa and V. ervilia.
In the group of V. sativa, Bulgarian cultivar Obrazets 666 showed lower digestibility (by 7.7 % units) compared to the Moldavian cultivars-maximum values were recorded for Liya, followed by Lorina and Vilena.
The digestibility of cultivars belonging to V. villosa was averagely 52.9 % IVDMD as a higher value was obtained in cultivar Violeta. Similar trends were established in regard of in vitro dry matter digestibility of the cultivars. In relation to gross and metabolizable energy there were not considerable differences among the cultivars studied (Table 2) . As a whole with small difference V. sativa showed a higher protein feeding value compared to V. villosa. The potential protein feeding value was the highest for cultivar Vilena (TDP/PBD 156.2, PDIN 125.9, PDIE 98.5 g kg -1 DM) and Liya (TDP/PBD 154.0, PDIN 124.1, PDIE 98.9 g kg -1 DM).
The net energy feeding value was measured by the highest feed units for milk and feed units for growth for cultivar Lorina, followed by Vilena: UFL 0.753-0.742; UFV 0.650-0.637 g kg -1 DM (Table 3) . Arithmetical rank sum of parameters of chemical composition, in vitro enzyme digestibility and feeding value confirmed better herbage quality of V. sativa cultivars (except Obrazets 666) compared to V. villosa cultivars (Table 4) .
The studied cultivars could be arranged in following order: Liya, Vilena, Moldovskaya, Lorina, Violeta, Viola, Obrazets 666.
Conclusions
Vicia villosa cultivars revealed a greater content of CP and fiber components, measured as NDF, ADF and ADL (211.4, 451.9, 378.5, 74.0 g kg -1 DM respectively) in comparison with V. sativa cultivars (189.5, 409.2, 352.4, 67.9 g kg -1 DM respectively).
Quality of the herbage in terms of digestibility was 63.9 % IVDMD for Vicia sativa and 52.9 % IVDMD for Vicia villosa.
The nutritive value based on arithmetical rank sum of all studied parameters (chemical composition, in vitro enzyme digestibility, protein and energy feeding value) showed better forage quality of V. sativa compared to V. villosa. With the highest nutritive value was distinguished cultivars Liya, Vilena and Moldovskaya, which could be used as germplasm in future breeding programmes for quality improvement. 
